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$LPRIWKHDODUPJHQHUDWLRQPRGXOH
7KHDLPRIWKHDODUPJHQHUDWLRQPRGXOHLVWKHRQOLQHPRQLWRULQJRIWKHZDWHUGLVWULEXWLRQQHWZRUN2QWKHEDVLV
RIPHDVXUHGKLVWRULFDOVHQVRUGDWDPDFKLQH OHDUQLQJDSSURDFKHVFDQEHDSSOLHGWRDXWRPDWLFDOO\JHQHUDWHDPRGHO
IRUPRQLWRULQJ WKH ZDWHU TXDOLW\ DQG TXDQWLW\ 7KH DGYDQWDJH RI WKLV DSSURDFK LV WKDW QR DQDO\WLFDOO\IRUPXODWHG
H[SHUWLVH LV QHHGHG D SULRUL DQG WKXV WKH XVHU LV QRW KDPSHUHG E\ XQVDIH DVVXPSWLRQV DERXW WKH SK\VLFDO 
ELRFKHPLFDOEHKDYLRURIWKHGULQNLQJZDWHU
$QDODUPLVJHQHUDWHGLIDQRYHOW\RFFXUVLQWKHDFTXLUHGPHDVXUHPHQWV,QWKDWFDVHPHDVXUHPHQWVFDQGHVFULEH
RQH VWDWLRQ LQ WKH:'1ZKLFK FRYHUV VHYHUDO VHQVRUV RU VHQVRUVSODFHG LQ WKH QHWZRUN LWVHOI ,QERWK FRQWH[WV D
QRYHOW\ LVGHILQHGDVDGHWHFWHGXQNQRZQVWDWHRI WKH:'18QNQRZQVWDWHVFDQEHGHWHFWHGXVLQJGDWD IURPWKH
ZDWHU TXDQWLW\ DVZHOO DVZDWHU TXDOLW\ 7KH RXWSXW RI WKHPRGXOH LV D FRQWLQXRXV DODUP LQGH[ YDOXH7KLV YDOXH
TXDQWLILHV WKH GLIIHUHQFH IURP WKH WUDLQHG PRGHO WR WKH DFTXLUHG PHDVXUHPHQW GDWD ,I WKH DODUP LQGH[ SDVVHV D
FHUWDLQWKUHVKROGDQDODUPLVGHWHFWHG
,QWKHSDVWVHYHUDODSSURDFKHVKDYHEHHQLQYHVWLJDWHGDQGLPSOHPHQWHG,Q>@DQHYHQWGHWHFWLRQVRIWZDUHFDOOHG
&$1$5<LVSURSRVHGZKLFKFRQWDLQVVHYHUDOVWDWLVWLFDOO\EDVHGDOJRULWKPV7KHFRPSDQ\ZKLWHZDWHUKDVGHYHORSHG
DVRIWZDUHWRROFDOOHG%OXH%R[>@ZKLFKFDQEHXVHGWRSHUIRUPDQHQKDQFHGGDWDDQDO\VLVRQZDWHUTXDOLW\DQG
TXDQWLW\GDWD2WKHUDSSURDFKHVDUHSUHVHQWHGLQ>@E\XVLQJ6XSSRUW9HFWRU0DFKLQHVDQGLQ>@E\XVLQJJHQHWLF
DOJRULWKPV6WLOODOOSURSRVHGDSSURDFKHVKDYHQRWEHZLGHO\DSSOLHGLQ:'1V7ZRSRVVLEOHUHDVRQVIRUWKDWDUH
x 7KHSDUDPHWHUL]DWLRQRIDQDODUPJHQHUDWLRQVRIWZDUHLVFRPSOH[DQGWLPHFRQVXPLQJ$SSURSULDWHSDUDPHWHUV
IRUWKHPDFKLQHOHDUQLQJDOJRULWKPQHHGWREHVHOHFWHG$GGLWLRQDOO\WKHVHOHFWLRQRIWKHDODUPWKUHVKROGLVQRWDQ
HDV\WDVN
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DUHVHQVRUFDOLEUDWLRQVIOXVKLQJRISLSHVRUUDSLGFKDQJHVRIZDWHUTXDOLW\GXHWRPL[LQJRIGLIIHUHQWZDWHU
UHVRXUFHV
,QWKLVSDSHUDQHZDSSURDFKLVSUHVHQWHGZKLFKUHGXFHVWKHLPSDFWRIERWKSUREOHPV7KHGHYHORSPHQWLVSDUWRI
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H[SHULPHQWVSHUIRUPHGRQDODERUDWRU\SODQWDUHSUHVHQWHG7KHSDSHUFORVHVZLWKDVKRUWVXPPDU\DQGSURSRVDOVIRU
IXWXUHUHVHDUFK
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7KH SURSRVHG DODUP JHQHUDWLRQPRGXOH FRYHUV VHYHUDO VWHSV ,QLWLDOO\ D QRUPDOL]DWLRQ RI WKHPHDVXUHPHQWV LV
SHUIRUPHG$VPXOWLYDULDWHVWDWLVWLFDOPHWKRGWKHSULQFLSDOFRPSRQHQWDQDO\VLV3&$LVXVHG7KH3&$LVDSSOLHG
WRWKHQRUPDOL]HGPHDVXUHPHQWV,QWKHIROORZLQJVHFWLRQVLWLVH[SODLQHGLQGHWDLOKRZWKHDODUPLQGH[DQGILQDOO\
WKHJHQHUDWLRQRIWKHDODUPWKUHVKROGDUHREWDLQHG
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ZKLOHݔሾ݇ሿZLWK݇ ൌ ͳǥ݊LV WKHRULJLQDOPHDVXUHPHQWGDWDRIRQHSURFHVVYDULDEOH7KHYDULDEOHߤGHVFULEHV
LWV PHDQ YDOXH DQG ߪ WKH VWDQGDUG GHYLDWLRQ 7KH RULJLQDO VHW RI SURFHVV YDULDEOHV LV GHILQHG DV ܺ ൌ
ሼݔଵሾ݇ሿǡ ݔଶሾ݇ሿǡ ǥ ǡ ݔ௠ሾ݇ሿሽ WKHQRUPDOL]HGRQH DVܼ ൌ ሼݖଵሾ݇ሿǡ ݖଶሾ݇ሿǡ ǥ ǡ ݖ௠ሾ݇ሿሽ7KHQRUPDOL]DWLRQ LV SHUIRUPHG IRU
HDFKSURFHVVYDULDEOHLQܺ
3ULQFLSDO&RPSRQHQW$QDO\VLV
7KHSULQFLSDOFRPSRQHQWDQDO\VLV3&$LVDSURFHGXUHRIPXOWLYDULDWHVWDWLVWLFVWRVWUXFWXUHODUJHGDWDVHWV,WLV
XVXDOO\XVHGDVDGDWDPLQLQJPHWKRG>@RUIRUPRGHOUHGXFWLRQ>@$SSOLFDWLRQVRIWKH3&$LQWHUPVRISURFHVV
VXSHUYLVLRQFDQEHIRXQGIRUH[DPSOHLQ>@DQG>@
7KHPDLQFRQFHSWRID3&$PHDQVWRSHUIRUPDQRUWKRJRQDOWUDQVIRUPDWLRQWRPDSWKHVHWRIFRUUHODWHGYDULDEOHV
LQWRD VHWRI OLQHDUXQFRUUHODWHGRQHV7KH3&$DVVXPHV WKDW WKHDFTXLUHGPHDVXUHPHQWVDUH VWDWLRQDU\*DXVVLDQ
GLVWULEXWHG UDQGRPYDULDEOHV7KH UHVXOWLQJXQFRUUHODWHGYDULDEOHVDUH WKHQFDOOHG WKHSULQFLSDOFRPSRQHQWVRI WKH
YDULDEOHVHW0DWKHPDWLFDOO\ WKHSULQFLSDOFRPSRQHQWV WKHQFRYHU WKHYDULDQFHDFFRXQWHGIRU LQ WKHGDWDVHW7KLV
PHDQV WKDW RQO\ D VPDOO DPRXQW RI SULQFLSDO FRPSRQHQWV QHHGV WREHXVHG IRUPRQLWRULQJ8VXDOO\ WKH ILUVW WZR
SULQFLSDOFRPSRQHQWVDUHXVHGWRGHVFULEHWKHVWDWHWUDMHFWRU\RI WKHV\VWHP)XUWKHULQIRUPDWLRQRQKRZWKH3&$
FDQEHXVHGIRUSURFHVVVXSHUYLVLRQFDQEHIRXQGHJLQ>@
7KH FDOFXODWLRQ RI WKH SULQFLSDO FRPSRQHQWV LV FDUULHG RXW E\ FRPSXWLQJ WKH HLJHQYHFWRUV RI WKH FRYDULDQFH
PDWUL[7KHFRYDULDQFHPDWUL[ȭ߳ܴ௠ൈ௠LVGHILQHGDV
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ZKLOHܻFRQWDLQV WKHSULQFLSDOFRPSRQHQWV)RUH[DPSOHݕଵሾ݇ሿ ൌ ߛଵଵݔଵሾ݇ሿ ൅ ڮ൅ ߛ௠ଵݔ௠ሾ݇ሿLV WKH WLPHVHULHV
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6WDJHVRIWKH(YHQWGHWHFWLRQ
7RFKHFNLIDQHYHQWKDVRFFXUUHGLQWKHPHDVXUHPHQWVWKUHHVWHSVQHHGWREHSHUIRUPHG)LUVWWKHPRGHOKDVWR
EHWUDLQHGXVLQJRIIOLQHGDWDIURPWKH:'11H[WWKHDODUPLQGH[LVFDOFXODWHGXVLQJRQOLQHGDWD)LQDOO\LWKDVWR
EHFKHFNHGLIWKHLQGH[SDVVHVDFHUWDLQWKUHVKROG
7UDLQLQJWKHPRGHO
,QLWLDOO\ WUDLQLQJ GDWD LV VHOHFWHGZKLFK GHILQHV WKH ³QRUPDO VWDWH´ RI WKH:'1 )RU:'1V LQ JHQHUDO WKLV
VHOHFWLRQLVSHUIRUPHGE\H[SHULHQFHGSHUVRQQHORIWKHZDWHUXWLOLWLHV$IWHUSHUIRUPLQJWKHQRUPDOL]DWLRQ(UURUH
/
RULJLQH ULIHULPHQWR QRQ q VWDWD WURYDWD WKLV GDWD LV XVHG WR FDOFXODWH WKH SULQFLSDO FRPSRQHQWV JLYHQ LQ
HTXDWLRQ(UURUH/
RULJLQHULIHULPHQWRQRQqVWDWDWURYDWD,QDVHFRQGVWHSQHZPHDVXUHPHQWGDWDFRPLQJIURP
WKHSURFHVVGHYLFHVDQGWKHFDOFXODWHGSULQFLSDOFRPSRQHQWVDUHXVHGWRJHQHUDWHWKHDODUPLQGH[
&DOFXODWLQJDODUPLQGH[
7KHDODUPLQGH[DWVDPSOH݇LVFDOFXODWHGZLWKWKHPHDVXUHPHQWGDWDݔ௡௘௪ሾ݇ሿܴ߳௠Ǥ,QDQH[WVWHSHDFKYDOXHLQ
ݔ௡௘௪ሾ݇ሿLVQRUPDOL]HGRQPHDQDQGVWDQGDUGGHYLDWLRQIURPWKHWUDLQLQJGDWD
7KH DODUP LQGH[ LV WKHQ FDOFXODWHG E\ WDNLQJ WKH GRW SURGXFW EHWZHHQ WKH VHOHFWHG QXPEHU RI SULQFLSDO
FRPSRQHQWVȞܴ߳௠ൈ௟ ZLWKͳ ൑ ݈ ൑ ݉DQGWKHGDWDܼ௡௘௪ሾ݇ሿ ൌ ሼݖଵ௡௘௪ሾ݇ሿǡ ǥ ǡ ݖ௠௡௘௪ሾ݇ሿሽJLYHQDV
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ࢅ࢔ࢋ࢝LVDYHFWRUZLWKOHQJWKO)LQDOO\WKHDODUPLQGH[ ௡ܻ௘௪஺௟௔௥௠ܴ߳UHVXOWVIURPVXPPLQJXSWKHYDOXHVLQ ௡ܻ௘௪ 
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6LQFHWKHDODUPYDOXH ௡ܻ௘௪஺௟௔௥௠LVGHILQHGEHWZHHQͲ ൑ ௡ܻ௘௪஺௟௔௥௠ ൑ λDG\QDPLFWKUHVKROGQHHGVWREHFDOFXODWHG
WKDWGHILQHVLIDQHYHQWKDVRFFXUUHGRUQRW
&DOFXODWLRQRIWKHWKUHVKROG
7KH WKUHVKROG LV JHQHUDWHG E\ FDOFXODWLQJ WKH DODUP LQGH[ XVLQJ WKH WUDLQLQJ GDWD WKH VHOHFWHG QXPEHU O RI
SULQFLSDOFRPSRQHQWVDQGE\FDOFXODWLQJWKHWKUHVKROGRIWKHDODUPLQGH[LQWHUPVRIWKHYDULDQFHIURPWKHWUDLQLQJ
GDWD 7KHUHIRUH WKH DODUP LQGH[ LV FDOFXODWHG XVLQJ WKH WUDLQLQJ GDWD WR JHQHUDWH ௧ܻ௥௔௜௡஺௟௔௥௠  7KLV LV SHUIRUPHG E\
FDOFXODWLQJ ௧ܻ௥௔௜௡ሾ݇ሿ ൌ Ȟ்ܼሾ݇ሿIRU HDFK VDPSOH݇ ൌ ሾͳǡ ǥ݊ሿLQ WKH WUDLQLQJ VHW ZKLFK ILQDOO\ OHDGV WR WKH DODUP
LQGH[
> @ > @ > @$ODUP 7WUDLQ< N N N WUDLQ WUDLQ< <   
,QDQH[WVWHSWKHWKUHVKROGܳ௧௥௘௦௢௟ௗ߳ܴIRUWKHDODUPLQGH[LVFDOFXODWHGDV
 $ODUPWKUHVKROG WUDLQ4 . 9$5 <    
,QWKHIROORZLQJWKHSDUDPHWHUL]DWLRQLVVHWWR. ,I ௡ܻ௘௪஺௟௔௥௠ ൐ ܳ௧௛௥௘௦௛௢௟ௗ FRXQWVDQDODUPLVJHQHUDWHG
,W LV LPSRUWDQW WR PHQWLRQ WKDW WKLV DOJRULWKP RQO\ QHHGV WZR SDUDPHWHUV WR EH VHW QDPHO\ WKH QXPEHU RI
SULQFLSDO FRPSRQHQWV O DQG WKH SDUDPHWHU . IRU FDOFXODWLQJ WKH WKUHVKROG %RWK SDUDPHWHUV DUH VWDWLVWLFDOO\
LQWHUSUHWDEOHYDOXHV
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([SHULPHQWDO5HVXOWV
/DERUDWRU\SODQW
7KHGHYHORSHGPHWKRGRORJ\KDVEHHQWHVWHGRQDODERUDWRU\ZDWHUGLVWULEXWLRQQHWZRUN7ZRFRQILJXUDWLRQVZLWK
GLIIHUHQW RXWIORZ FRQGLWLRQV KDYH EHHQ LQYHVWLJDWHG 7KH WZR FRQILJXUDWLRQV DUH VNHWFKHG LQ(UURUH /
RULJLQH
ULIHULPHQWRQRQqVWDWDWURYDWD,QWKLVLQVWDOODWLRQRIWKHODERUDWRU\QHWZRUNILYHFRQGXFWLYLW\VHQVRUVWZRIORZ
PHWHUVDQGRQHSUHVVXUHVHQVRUDUHLQVWDOOHG7RVLPXODWHDFRQWDPLQDWLRQDQLQMHFWLRQLQFOXGLQJDGRVLQJSXPSLV
LQVWDOOHG DW WKH LQIORZ7KH SXPS LQMHFWV1D&O VROXWLRQ LQWR WKH QHWZRUN OHDGLQJ WR DQ LQFUHDVH RI FRQGXFWLYLW\
EHLQJPHDVXUHGE\WKHFRQGXFWLYLW\VHQVRUV7KHWZRFRQILJXUDWLRQVRIWKHODERUDWRU\QHWZRUNFDQEHFKDUDFWHUL]HG
DVIROORZV


)LJ&RQILJXUDWLRQDQGRIWKHSODQWWRSHUIRUPH[SHULPHQWV2QFHWKHRXWOHWRXWLVXVHGDVRXWIORZRQFHWKHRXWIORZ2XW
&RQILJXUDWLRQ
,QFRQILJXUDWLRQ WKH VWRSFRFNDW WKHRXWIORZ2XW LVFORVHGDQGDWRXWIORZ2XW LV RSHQZKLOHSDVVLQJ WKH
FRQGXFWLYLW\ VHQVRUV & & DQG & 7KH FRQGXFWLYLW\ VHQVRUV & DQG & GR QRW PHDVXUH DQ LQFUHDVH RI
FRQGXFWLYLW\LI1D&/LVLQMHFWHGVLQFHWKHIORZUDWHLQWKDWSLSHVHFWLRQLV]HUR7KHDFTXLUHGPHDVXUHPHQWVZLWKDQG
ZLWKRXWLQMHFWHG1D&ODUHVKRZQLQ)LJ
&RQILJXUDWLRQ
,QFRQILJXUDWLRQWKHVWRSFRFNDWWKHRXWIORZ2XWLVFORVHGDQGRSHQDWRXWIORZ2XW,QWKDWFDVHWKHZDWHU
IORZ SDVVHV WKH FRQGXFWLYLW\ VHQVRUV & & DQG & 7KH VHQVRUV & DQG & GR QRW PHDVXUH DQ LQFUHDVH RI
FRQGXFWLYLW\DIWHU1D&/LQMHFWLRQ7KHPHDVXUHPHQWVZLWKDQGZLWKRXWLQMHFWHG1D&ODUHJLYHQLQ)LJ
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
)LJ0HDVXUHPHQWVIURPFRQILJXUDWLRQRIWKHODERUDWRU\SODQW

)LJ0HDVXUHPHQWVIURPFRQILJXUDWLRQRIWKHODERUDWRU\SODQW
7HVWHGVFHQDULRV
7KH DFTXLUHG PHDVXUHPHQWV RI WKH WZR QHWZRUN FRQILJXUDWLRQV KDYH EHHQ XVHG WR WHVW WKH DODUP JHQHUDWLRQ
PRGXOH IRU GLIIHUHQW VFHQDULRV $W DOO ILYH GLIIHUHQW VFHQDULRV DUH LQYHVWLJDWHG 7KH UHVXOWLQJ DODUP LQGLFHV
LQFOXGLQJWKHLUFDOFXODWHGWKUHVKROGVDUHJLYHQLQ)LJ7KHVFHQDULRVDUHH[SODLQHGDVIROORZV

,QMHFWLRQ6FHQDULR
7UDLQLQJGDWD&OHDQZDWHUFRQILJFOHDQZDWHUFRQILJ
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7HVWGDWD&RQWDPLQDWHGZDWHUFRQILJ
7KLVVFHQDULRFRYHUVWKHEDVLFIXQFWLRQLQJRIWKHPRGXOH&OHDQZDWHULVXVHGIRUWUDLQLQJFRQWDPLQDWHGGDWDIRU
WHVWLQJ)RUFOHDQZDWHUWKHDODUPLQGH[VWD\VEHORZWKHWKUHVKROGIRUFRQWDPLQDWHGZDWHUWKHWKUHVKROGLVSDVVHG
E\ODUJHPHDQLQJWKDWDQHYHQWKDVEHGHWHFWHGVHHDODUPLQGH[LQ)LJVXESORW
,QMHFWLRQ6FHQDULR
7UDLQLQJGDWD&OHDQZDWHUFRQILJFOHDQZDWHUFRQILJ
7HVWGDWD&RQWDPLQDWHGZDWHUFRQILJ
7KLVVFHQDULRLVVLPLODUWRWKHILUVWRQH2QO\WKDWLQWKLVFDVHFRQWDPLQDWHGZDWHUIURPFRQILJXUDWLRQLVXVHG
/LNHLQWKHILUVWVFHQDULRWKHFRQWDPLQDWLRQLVGHWHFWHGE\WKHPRGXOHVHHDODUPLQGH[LQ)LJVXESORW
,QMHFWLRQ6FHQDULR
7UDLQLQJGDWD&OHDQZDWHUFRQILJFOHDQZDWHUFRQILJFRQWDPLQDWHGZDWHUFRQILJ
7HVWGDWD&RQWDPLQDWHGZDWHUFRQILJ
,Q WKLV VFHQDULR WKH FRQWDPLQDWHGZDWHU IURP FRQILJXUDWLRQ  LV XVHG IRU WUDLQLQJ DQG WHVWLQJ WKHPRGXOH7KH
WKRXJKWRI WKLVVFHQDULR LV WR WHVW LI LW LVSRVVLEOH WR WUDLQ VSHFLILFVWDWHVRIDV\VWHPDQGVWRUH LW LQ WKHPRGXOHDV
EHLQJ QRUPDO 7KH UHVXOWLQJ DODUP LQGH[ )LJ  VXESORW  VKRZV WKDW WKH FRQWDPLQDWHG GDWD OHDGV WR D VPDOO
LQFUHDVHRIWKHDODUPLQGH[EXWVWD\VEHORZWKHWKUHVKROG+HQFHQRHYHQWLVUDLVHGE\WKHPRGXOH
,QMHFWLRQ6FHQDULR
7UDLQLQJGDWD&OHDQZDWHUFRQILJFOHDQZDWHUFRQILJFRQWDPLQDWHGZDWHUFRQILJ
7HVWGDWD&RQWDPLQDWHGZDWHUFRQILJ
6FHQDULRVKRZHGWKDWVSHFLILFVWDWHVRIDV\VWHPFDQEHVWRUHGLQWKHPRGXOH7KLVVFHQDULRFKHFNVLILWLVVWLOO
SRVVLEOHWRGHWHFWRWKHUHYHQWVFRPLQJIURPRWKHUV\VWHPFRQILJXUDWLRQV7KHUHVXOWLQJDODUPLQGH[LQ)LJVXESORW
LQGLFDWHVWKDWWKLVLVVWLOOSRVVLEOH6LQFHWKHFRQWDPLQDWHGZDWHUIURPFRQILJXUDWLRQZDVQRWXVHGIRUWUDLQLQJ
WKHPRGXOHVWLOOGHWHFWVWKHHYHQW7KHDODUPLQGH[SDVVHVWKHFDOFXODWHGWKUHVKROGE\ODUJH
,QMHFWLRQ6FHQDULR
7UDLQLQJGDWD&OHDQZDWHUFRQILJFOHDQZDWHUFRQILJFRQWDPLQDWHGZDWHUFRQILJFRQWDPLQDWHGZDWHU
FRQILJ
7HVWGDWD&RQWDPLQDWHGZDWHUFRQILJFRQWDPLQDWHGZDWHUFRQILJ
,QWKLVVFHQDULRERWKWKHWUDLQLQJGDWDDQGWHVWGDWDFRQWDLQLQIRUPDWLRQIURPFRQWDPLQDWLRQVLQFRQILJXUDWLRQDQG
FRQILJXUDWLRQ'XHWRWKDWQRHYHQWVDUHGHWHFWHGLQWKHWHVWGDWDVHHDODUPLQGH[LQ)LJVXESORW7KLV
LQGLFDWHVWKDWLWLVSRVVLEOHWRVWRUHVHYHUDOGLIIHUHQWSDWWHUQVRIDV\VWHPLQWKHPRGXOHWKDWDUHWKHQGHFODUHGDVD
QRUPDOVWDWHRIWKH:'1
6XPPDU\DQGIXWXUHZRUN
,QWKLVSDSHUDQHDV\WRSDUDPHWHUL]HHYHQWGHWHFWLRQDOJRULWKPEDVHGRQSULQFLSDOFRPSRQHQWDQDO\VLVKDVEHHQ
SUHVHQWHG7KLVDOJRULWKPRQO\QHHGVWZRSDUDPHWHUVWREHVHWQDPHO\WKHQXPEHURISULQFLSDOFRPSRQHQWVDQGWKH
VLJPDHQYLURQPHQWIRUFDOFXODWLQJWKHWKUHVKROG%RWKSDUDPHWHUVDUHVWDWLVWLFDOO\LQWHUSUHWDEOHYDOXHV
1H[W VHYHUDO H[SHULPHQWV DW D ODERUDWRU\QHWZRUNZHUHSHUIRUPHG WR FKHFN WKHSHUIRUPDQFHRI WKHGHYHORSHG
PRGXOH ,W KDV EHHQ WHVWHG LI GLIIHUHQW SURFHVV SDWWHUQV FDQ EH VWRUHG LQ WKH PRGXOH DV EHLQJ QRUPDO SURFHVV
EHKDYLRXU 7KHUHIRUH GDWD FRQWDLQLQJ FOHDQ DQG FRQWDPLQDWHG ZDWHU IURP WKH ODERUDWRU\ QHWZRUN IRU WZR
FRQILJXUDWLRQVZHUHXVHG7KHUHVXOWVVKRZHG WKDW IRU WKHVH WZRFRQILJXUDWLRQVRI WKHSODQW LW LVSRVVLEOH WR OHDUQ
SDWWHUQVDVQRUPDOVWDWHVRIWKH:'1
)XWXUHZRUNZLOO IRFXVRQ WKH FRQVWUXFWLRQRI D FRPSOHWHGLDJQRVLV FKDLQ7KLV FRYHUV WKH VWHS WR ORFDOL]H WKH
VRXUFHRIWKHFRQWDPLQDWLRQLQWKH:'1DIWHUDQHYHQWKDVRFFXUUHGDQGDFODVVLILFDWLRQRIWKHHYHQW)XUWKHUPRUH
WKHDQRWKHUIRFXVZLOOEHRQWKHRSWLPL]DWLRQRIWKHVHOHFWHGWKUHVKROG$GGLWLRQDOO\WKHH[WHQVLRQRIWKH3&$XVLQJ
GLIIHUHQW NHUQHO PHWKRGV QHHGV WR EH FKHFNHG 3RVVLEO\ NHUQHO PHWKRGV OHDG WR EHWWHU UHVXOWV VLQFH WKH\ DUH D
QRQOLQHDUPHWKRGV

196   C. Kühnert et al. /  Procedia Engineering  89 ( 2014 )  189 – 196 

)LJ$ODUPLQGLFHVIRUWKHLQYHVWLJDWHGVFHQDULRV
$FNQRZOHGJHPHQWV
7KHSURMHFWLVVXSSRUWHGE\WKH*HUPDQ)HGHUDO0LQLVWU\RI(GXFDWLRQDQG5HVHDUFK%0%)UHIHUHQFHSURMHFW
1DQGE\WKH)UHQFK$JHQFH1DWLRQDOHGHOD5HFKHUFKH$15UHIHUHQFHSURMHFW$156(&8
5HIHUHQFHV
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